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Abstract
Enteromyxum leei is an enteric myxozoan parasite that causes significant damage to cultured
marine fishes in the world. Experimental infections with E. leei, using anemonefish (Amphiprion
clarkii and A. ocellaris) as experimental host were conducted. Anemonefish were shown to be as
susceptible to E. leei as tiger puffer and Japanese flounder. To evaluate the effects of hyposalinity
on infectivity of E. leei, the developmental stages of E. leei collected from the intestinal mucosa of
infected fish were exposed to different salinities of seawater or dechlorinated tapwater for 1 h.
After the treatment, naïve anemonefish were exposed to the parasite and checked for infection
at 4 weeks post-exposure. The results indicated that treatment of low salinity below 1/4 seawater
(8 ‰) was effective for control of E. leei infection.
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Introduction
Enteromyxum leei is a myxozoan parasite that
causes significant damage to cultured marine
fishes in the world, e.g., gilthead seabream
(Sparus aurata) in Mediterranean countries
(Diamant, 1997) and tiger puffer (Takifugu
rubripes) and Japanese flounder (Paralichthys
olivaceus) in Japan (Yanagida et al., 2005;
Yasuda et al., 2005). Enteromyxu leei parasitizes
the intestinal tissues of marine fishes, causing
hyperplasia and destruction of the gut
epithelia, finally resulting in severe signs of
cachexia and emaciation (Padros et al., 2001;
Tin Tun et al., 2002).

One of the most important characteristics of
E. leei is the fish-to-fish transmission of the
disease, and that the pre-sporogonic

developmental stage is believed to be
infectious to other fish (Diamant, 1997; Yasuda
et al., 2002). However, the biology of the
infective stage is poorly understood. The
broad host range is also considered to be
another unique feature of this myxozoan.
Until now, more than 40 different fish species
have been recorded as susceptible to E. leei
(Diamant, 1998; Padros et al., 2001; Yasuda et
al., 2005; Diamant et al., 2006). These include
not only food fishes farmed in aquaculture
but also ornamental fishes reared in exhibition
aquarium (Padros et al., 2001). Kent (1999)
reported an enteric myxozoan resembling
E. leei from anemonefish (Amphiprion frenatus)
kept in the aquarium in San Diego, although
this parasite has not yet been fully identified.
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In this study, we investigate the effects of
hyposalinity on the infectivity of the
developmental stages of E. leei by using
anemonefish, Amphiprion spp., as
experimental hosts. Tiger puffer and Japanese
flounder are generally difficult to work with
in a closed laboratory condition because of
their high susceptibility to other infectious
diseases, particularly when the fish are
stressed. In contrast, anemonefish are
relatively hardy fish that are often used in
laboratory studies (Furuta et al., 2005). Thus,
we additionally aimed to evaluate the
suitability of anemonefish as an experimental
animal for E. leei infection.

Materials and methods
Fish and parasite
Juvenile specific-pathogen-free (SPF)
a n e m o n e f i s h ,  A m p h i p r i o n  c l a r k i i  a n d
A.  ocellaris (4 to 5 mo post hatch, mean body
weight = 0.3 g, mean body length = 2.0 cm),
were obtained from Central Research Institute
of Electric Power Industry (Chiba, Japan). SPF
tiger puffer fry (mean body weight = 7.2 g)
and Japanese flounder (mean body weight =
17.0 g) were purchased from Nissin Marine
Tech Co. Ltd (Aich, Japan). These
experimental fishes were kept in tanks (ca.
55 l of water volume) equipped with a closed
re-circulating filtration system and a thermo-
regulator adjusting the water temperature to
25°C. Parasites were obtained from the
intestinal tissues of heavily infected Japanese
flounder which were collected at a fish farm
in Miyazaki prefecture, Japan. After the
parasite material was used for the first
experiment, the infection cycle was
maintained using grass puffer (Takifugu
niphobles) by feeding of the infected gut
tissues.

Experiment 1 (Comparison of susceptibility
to E. leei)
Twenty anemonefish (A. clarkii), 20 tiger
puffer and 10 Japanese flounder were kept in
separate tanks and fed pieces of the chopped
intestine (ca. 0.1 g per one g-fish weight) from
the infected Japanese flounder. During the
exposure, the filtration system of the tank was
interrupted for one hour. As negative controls,
uninfected fishes were reared in separate
tanks under equivalent conditions. All fish
were fed daily with commercial food. During
the experimental period of 28 days, dead fish
were checked for E. leei infection by
microscopical observation of wet mount of
intestinal mucosa.

Experiment 2 (Effect of salinity on E. leei
infection)
Following dissection of 10 grass puffer
infected with E. leei, the digestive tracts were
excised. The intestinal mucosa were scraped
using a sterile razor blade, and parasite
material was collected in physiological saline
(0.85 % of salt solution). The parasite
suspension was passed through steel mesh
(Cell Dissociation Sieve, Sigma) to remove
tissue debris, adjusted to 60 ml with saline,
and then divided equally into 6 tubes of 10
ml. After a centrifugation at 365 g for 10 min,
parasite density was estimated using a
haemacytometer, and viability of E. leei was
evaluated by trypan blue exclusion assay.
Parasite viability was enumerated separately
in 3 different developmental stages; pre-
sporogonic, sporogonic and spore stages. In
a fish tank, 15 anemonefish (A. ocellaris) were
exposed to E. leei cell suspension (1 x 105

parasites) from one tube, and served as a
positive control. To prepare a series of
different salinity, filtered seawater (SW,
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salinity = 34 ‰) was serially diluted with
distilled water. Parasites of the other 5 tubes
were re-suspended in 50 ml of SW, 1/2 SW,
1/3 SW, 1/4 SW and dechlorinated tapwater
(TW), respectively. Salinity of each solution
was measured using a salinometer. After
incubation at 25°C for 1 h, all tubes were
centrifuged at 365 g for 10 min. Parasite
viability was estimated as described above.
Five groups of 15 anemonefish were
separately exposed to the treated parasites
from the 5 tubes, and left overnight with a
gentle aeration. As an unexposed negative
control, 15 anemonefish were reared under
the same conditions. After rearing for 4 weeks
at 25°C, all surviving fish were dissected and
E. leei infection was examined by light
microscopy of intestinal mucosa.

Results
Experiment 1 (Fish mortality due to E. leei)
On day 21 post-infection, 8 anemonefish were
found to be dead due to heavy infection of
E. leei . At the end of the experiment,

anemonefish, tiger puffer and Japanese
flounder suffered serious infection with E. leei,
with cumulative mortalities of 50 %, 15 % and
10 %, respectively. All dead fish were heavily
infected with E. leei. Neither mortality nor
infection with E. leei was observed in
unexposed control fishes.

Experiment 2 (Effect of hyposalinity on
E. leei)
At the end of the experiment (Day 28), 1 fish
each from the groups exposed to SW- and 1/
2 SW-treated parasites, and 2 fish from the
group exposed to 1/3 SW-treated parasites
died of heavy infection with E. leei. Prevalence
of infection in fish groups exposed to SW-, 1/
2 SW-, 1/3 SW-treated parasites were 60, 67
and 53%, respectively (Table 1), and in most
cases, intensity of E. leei was extremely high.
In contrast, only 13 % of fish exposed to 1/4
SW-treated parasites were found to be
infected with a low intensity of E. leei. None
of fish exposed to TW-treated parasites was
infected with E. leei. Viabilities of pre-
sporogonic stages of E. leei treated with SW,

Table 1. Prevalence of infection with Enteromyxum leei in anemonefish (Amphiprion ocellaris) and viability of
parasites exposed to 5 different salinities for 1 h. Salinity was expressed in ‰. Prevalence of infection and
parasite viability were expressed in %.
*: Not done.
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1/2 SW and 1/3 SW ranged between 70 and
85 %, whereas those with 1/4 SW and TW
were 40 % and 5 %, respectively (Table 1).
Sporogonic stages were frequently stained
patchily; primary cells appeared to be dense
or light blue, though inner secondary cells
excluded the dye. In such case, the parasites
were judged as “viable”, because it was
thought that sporoblasts still continued to
develop inside. Variable viabilities of
sporogonic stages (20-55 %) were observed,
but viability of TW-treated sporogonic stages
was considerably low (5 %). Viabilities of
spores were evaluated to be relatively high
in all salinities examined.

Discussion
This study indicates that anemonefish are a
useful experimental host for studies on E. leei.
Anemonefish have recently become popular
among pet shops and aquariums (Furuta et
al., 2005). They are commercially available all
year round and easily reared in re-circulating
filtration systems. Artificial breeding of
anemonefish has been practiced, suggesting
that genetic interference is negligible if
offspring from one adult pair of anemonefish
are used. As shown by Experiment 1,
anemonefish were shown to be susceptible to
E. leei to a similar (or higher) extent than tiger
puffer and Japanese flounder. It is likely that
the difference in mortality between the species
is caused by fish size. Further studies are
required to determine the critical factors
responsible for fish mortality, e.g., fish size,
parasite dose, and environmental conditions.

The results of Experiment 2 indicate that
treatment of low salinity below 1/4 SW (8 ‰)
is effective for control of E. leei infection. Even

though two fish (out of 15 fish) exposed to 1/
4 SW-treated parasites were found to be
infected, the intensity was clearly low and
would result in very slow parasite population
growth. This result may explain the fact that
the susceptible hosts to E. leei are mostly
marine fishes, though several fish species like
mullets (Liza aurata, L. ramada, Mugil saliens
and Chelon labrosus) and tilapia (Oreochromis
mossambicus) inhabit brackish water
(Diamant, 1998; Diamant et al., 2006).
Considering a possible control strategy of
enteromyxosis in a land-based culture facility
and exhibition aquarium, it is recommended
to clean the tank using freshwater. If the host
fish is euryhaline species, long-term exposure
to hyposalinity may prevent the invasion of
E. leei. Juvenile tiger puffer has a tolerance to
low salinities of 10 ‰ (Han et al., 1995) or
even 10 % SW (approximately 3.4 ‰) (Lee et
al., 2005).

It appears that estimated viability of pre-
sprogonic stages  reflects the infectivity of E.
leei  well. However, resulting data of
sporogonic stages and spores are ambiguous.
Patchy staining of sporogonic stages often
caused confusion of judgement of parasite
viability. This might have resulted in
variability of the data. The dye trypan blue
might not have penetrated through rigid
spore valves, possibly leading to
overestimation of spore viability. Although
only pre-sporogonic stages are considered to
play a role in infectivity stage, further
improvements of the viability assay are
required, e.g., eosin exclusion method
(Redondo et al., 2003) or vital staining with
fluorescent dyes (Yokoyama et al., 1997).
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